Since the discovery of iron-based superconductors [6] [7] [8] [9] [10] [11] , epitaxial thin films have been successfully grown by many groups 3, [12] [13] [14] [15] [16] [17] [18] and they have significantly advanced potential device applications and the understanding of the fundamental physical properties of these new superconductors. 12, [19] [20] [21] [22] [23] [24] [25] In particular, we reported high quality Co-doped BaFe 2 As 2 (Ba-122) single crystal thin films using template engineering which generated c-axis aligned, self-assembled, second phase nanorods [3] [4] [5] as schematized in Fig. 1a . These nanorods yielded strong c-axis pinning centres that enhance the in-field critical current density, J c . The c-axis pinning was so strong that actually it was able to invert the usual irreversibility field anisotropy in which H irr parallel to the ab-plane is 1.5-2 times that parallel to the c-axis. This motivated us to consider using multilayer growth methods to enhance the ab-plane properties since high field applications prefer to enhance J c in all field configurations, as sketched in Fig. 1c . We note that no study of artificially controlled flux pinning for pnictide superconductor has yet been reported, while many investigations of J c and irreversibility field (H irr ) enhancement by nanoparticle incorporation have been performed in the high T c cuprate superconductor YBa 2 Cu 3 O 7-x (YBCO) like that using YBCO/Y 2 BaCuO 5 and YBCO/BaZrO 3 multilayers 26, 27 . But every material system is different and it is striking that pinning engineering has not yet been demonstrated in either the Bi-2212 or Bi-2223 systems or even the most classical high field superconductor, Nb 3 Sn, even though it is very possible and valuable in YBCO. This motivation underpinned our studies of this Fe-based superconductor system. A major difference between YBCO and Fe-based superconductor systems is that Fe-3 based superconductors are metallic and it thus seemed questionable whether insulating epitaxial oxide pinning centers grown parallel to the ab-planes could be incorporated without suppressing the superconductivity of the Ba-122 matrix. We were at first doubtful that multiple epitaxial layers of a Ba-122 metal phase and an oxide phase could be grown with high crystalline perfection since they might have been structurally and chemically incompatible but in fact we here demonstrate that structurally and compositionally modulated superlattices of oxide can be grown in the matrix of a Ba-122 metallic system, a result which is significantly different from the YBCO oxide superconductor system, where both the oxide matrix and the pinning phase are structurally and chemically compatible. We see that this enables strong vortex pinning and opens up the possibility of growing superconducting superlattice structures (schematized in Fig. 1b) that can be used as a means for understanding fundamental mechanisms of superconductivity and development of superconducting devices such as pnictide tunnel junctions.
doped Ba-122 superlattice with sharp interfaces. Success in superlattice fabrication involving pnictides will aid the progress of heterostructured systems exhibiting novel interfacial phenomena and device applications.
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Taking account of the metallic properties of Ba-122 which does not contain oxygen and is easily compromised by impurities, we narrowed down the possible interlayer to two different types of model superlattice structure. Since in our previous work 3 , we found that a divalent, alkaline earth element-containing oxide like SrTiO 3 (STO) is an excellent platform on which to grow Co-doped Ba-122 thin films due to their common features, STO was our first choice. This led to a structurally modulated superlattice with sharp interfaces, devoid of c-axis defects. The second choice of interlayer was undoped Ba-122 made from an oxygen-rich, Co-free 122 target The epitaxial crystalline quality and modulation wavelength (Λ) of the superlattices were determined by four-circle x-ray diffraction (XRD) with a Cu K α source (λ = 1.5405 Ǻ). exhibits c-axis aligned defects as we observed in the single layer Co-doped Ba-122 in our previous reports 4, 5 . The first interesting point is that the interface O-Ba-122 layers have grown as laterally aligned but discontinuous second phase nano particles of several nm size. Presumably, island growth of the oxygen-containing second phase is energetically favourable due to the small lattice mismatch with the Co-doped Ba-122 SL. Similar discontinuous growth was observed with YBa 2 Cu 3 O 7 / YBa 2 CuO 5 multilayers 26 . The second interesting point is that the O-Ba-122 SL has c-axis defects extending across many ab-axis aligned nano particle arrays, while the STO SL does not have such c-axis aligned defects. We infer that oxygen which is needed to produce the c-axis aligned defects is absorbed by the STO interlayers under our high-vacuum, hightemperature growth conditions. The structure of the O-Ba-122 SL is thus akin to Fig. 1c which is more desirable than the structure of the STO SL (Fig. 1b) Furthermore, artificially made multilayer structures can also be used as model systems to study many physical phenomena such as dimensionality, proximity effect and interface pinning. 
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